Difference in soil moisture, temperature and microclimate on sunny and shady slope aspect can lead to various plant community, sequentially modify soil microbial community. In this study, we measured soil properties including soil temperature, soil moisture, soil organic carbon (SOC), total nitrogen (TN); plant properties including aboveground and underground biomass, and microbial properties including microbial carbon (C), nitrogen (N) content and phospholipid fatty acids (PLFAs) to evaluate the effects of slope aspect on plant biomass, soil properties and microbial community in the alpine meadow on the Qinghai-Tibetan Plateau. The results showed that sunny sites had higher soil temperature, organic C and underground biomass (UB), while shady sites had higher soil moisture, TN and aboveground biomass (AB). Principal component analysis (PCA) indicated that bacteria were the dominant soil microbes at sunny sites, while the fungi was more abundant at sites with a shady aspect. Redundancy analysis (RDA) showed that temperature was the major factor affecting the composition of the microbial community. It can be concluded, that slope aspect can significantly alter microbial composition due to the differences in plant community, soil properties and especially environmental factors.
Introduction
The Qinghai-Tibetan Plateau is a very large land unit and an important terrestrial ecosystem that is known for its harsh climate, which is related to its high altitude. As the most widely distributed grassland type, alpine meadow is highly representative of the Qinghai-Tibetan plateau, and accounts for approximately half of its total area. Alpine meadow is the basis of livestock production for local herders. However, it has been degraded because of overgrazing by yaks and Tibetan sheep in recent decades. Overgrazing has not only reduced grassland productivity, but has also affected the composition and activity of microbial community because of changes in the litter decomposition rate (Abril and Bucher, 1999) .
Soil properties are closely linked to the materials from which soil is derived (Tsui et al., 2004) . Soil microclimate conditions (e.g., soil temperature and moisture) on different types of slopes can also affect soil development and processes (Egli et al., 2006) . Slope aspect is a major topographical feature and is an important factor in grassland systems because it is more stable than other variables such as climatic factors and plant communities (Carletti et al., 2009) . Nahidan et al. (2015) established that slope aspect can significantly affect the quantity of SOC, TN, and enzyme activity by altering the rate of litter decomposition and the activity of soil microbes. Soil nutrient conditions, especially C and nitrogen N contents, are affected by slope aspect, which are among the most important factors shaping soil microbial activity. Generally, the dynamic composition and activity of the soil microbial community are essential for C turnover (Melero et al., 2006) . Differences in the quantity and quality of SOC caused by different farming systems and management practices have been well studied in mountainous landscapes. N is another important soil nutrient that affects plant growth and water use efficiency (Sardans et al., 2008) . Huang et al. (2015) found that soil N was one of the most sensitive indicators for the microbial community at sites with different slope aspects.
Slope aspect also affects plant density and plant species diversity. Species richness and biomass were shown to differ between sites with sunny and shady aspects (Badano et al., 2005; Gong et al., 2008) . The plant community shapes the variety and quantity of microbes in soil community, as a result of different types of litter, root cell components, and root exudates (Bardgett et al., 1999; Steenwerth et al., 2002; Leifeld et al., 2013) . Increasing plant species richness can diversify soil microbial community via effects on soil nutrient pool and nutrient cycling rate, especially the distribution and cycling of C and N (Chung et al., 2007) . Plant and root residues also provide substrates for microbial community (Xue et al., 2016; Xue et al., 2017) . Therefore, plant community is one of the most important factors when investigating the size and composition of microbial community in soil at sites with different slope aspects. Therefore, when studying the properties of the soil microbial community in a mountainous region, it is important to consider the effects of slope on plant community.
Most studies on slope aspect have focused on its effects on plant communities and grassland productivity. However, few studies have focused on the effects of slope aspect on soil nutrient conditions and microbial community, especially in the harsh conditions on the Qinghai-Tibetan Plateau. Thus, the aims of this study were as follows: 1) to investigate the relationship between slope aspect (sunny or shady) on microbial biomass and microbial community structure by analyzing PLFAs; and 2) to explore the relationships between slope aspect and plant biomass, soil chemical and physical properties, and microbial groups. Future work will investigate the relationships between slope aspect and soil microbial properties for the sustainable development of alpine meadow ecosystems on the Qinghai-Tibetan Plateau.
Material and Methods

Experimental area
The experimental site was located in the Zhuaxixiulong grassland, which is part of the alpine meadow on the northeast edge of Qinghai-Tibetan Plateau and Elymus nutans, and that at the site with a shady aspect consisted of P. viviparum and Kobresia tibetica. This meadow had been short-term grazed by yaks from June to September in the three years before this study was conducted. 
Soil and plant sampling
Measurement of soil properties
Soil temperature was measured using a soil thermometer when the soil samples were collected. Soil moisture was measured by oven-drying soil samples at 105 °C for 72 h. SOC was determined by dichromate oxidation and titration with ferrous ammonium sulfate, and TN was determined using an automatic analyzer (Kjeltec 8400, FOSS, Hoganas, Sweden) using the Kjeldahl method (Bremner and Mulvaney, 1982) . We determined C mic and N mic using the chloroform fumigation extraction method (Brookes et al., 1985; Wu et al., 1990) , in which K 2 SO 4 soil extracts of fumigated and unfumigated soil samples were kept in a vacuum desiccator for 24 hours. We calculated Nmic by determining ammonium nitrogen using a continuous flow analyzer (FIAstar 5000 Analyzer, FOSS, Sweden), and calculated C mic after dichromate oxidation and titration with ferrous ammonium sulfate.
Phospholipid fatty acids analysis
The PLFAs were extracted from 5 g soil sub-samples according to the procedure of Bligh and Dyer (1959) .
Briefly, soil lipids were extracted using a mixture of chloroform, methanol, and 0.15 M citrate buffer Samples were then analyzed by gas chromatography -mass spectrometry using an Agilent 6890-5973N system (Agilent Technologies, Wilmington DE, USA) and the separated components were identified using MSD ChemStation software. The PLFAs were quantified by using PLFA 19:0 as an internal standard.
Individual PLFA markers represent specific microbial groups. Total PLFAs were considered as an index of total microbial biomass using both identified and unidentified PLFAs. The sum of i14, i15:0, a15:0, 15:0, i16:0, 16:1w7, i17:0, a17:0, cy17, 17:0, and 18:1w7 was considered as an index of bacterial biomass (Frostegård and Bååth, 1996) . The PLFAs i14, i15:0, (Kourtev et al., 2002; Kaur et al., 2005) . The quantity of 18:2w6.9 PLFAs was used as an index of fungal biomass. Actinomycetes biomass was estimated from the PLFA 10Me17:0. The ratio of fungal to bacterial PLFAs was used as a relative index of fungal to bacterial biomass, and the ratio of G + to G − bacteria was also calculated. 
Statistical analysis
Results
Soil properties and plant biomass
Soil properties and plant biomass varied between shady and sunny slopes ( 
Microbial community size and composition
Microbial biomass, measured by total PLFAs, was greater on sunny slope than on shady slope ( Table 2 . Relative abundance of bacterial, fungal, actinomycetes phospholipid fatty acids in soil at sites with a shady and sunny aspect in an alpine meadow.
Nine replicates from each site were analyzed. Standard errors are shown. Different letters (a, b) represent significant difference between sunny and shady aspects (P<0.05, t-test).
Principal component analysis and redundancy analysis
PCA was conducted to analyze the effect of slope aspect on PLFA biomarker composition (Figure 2) . The results showed that PC1 accounted for 71% and PC2 accounted for 13.5% of total variance. PCA scores along axis 2 showed a significant slope aspect effect (ANOVA, P<0.001). The experimental sites were separated along PC2, where sites with a shady aspect had higher PC2 scores (most of them above X-axis), which represented higher soil moisture content and higher AB. The sites with a sunny aspect were distributed below the X-axis, and were represented by higher temperature, SOC, C mic, and UB. On the biplot of fatty acid scores based on this composite analysis, the PLFAs 18:2w6.9, 18:1w8, and 16:1w5 were relatively more abundant at sites with a shady aspect, while most of the other PLFAs were strongly enriched at sites with a sunny aspect. 
Discussion
Effect of slope aspect of plant community
Slope aspect is known to affect the diversity and den- At our study site, the differences in water distribution, temperature, and solar radiation between sunny and shady slopes resulted in different plant communities, with the dominant plant species being K. capillifolia on sunny slope and P. viviparum on shady slope. Therefore, there was a large difference in UB and AB between sunny and shady slopes. Also, the morphological characteristics of the dominant plant species differed between sunny and shady slopes. For example, K. capillifolia has a fibrous root, while P.
viviparum has a tap root. Differences between these two root systems include root turnover rates, root exudates, and absorption and utilization of carbon, which may directly or indirectly influence SOC in the rhizosphere soil of different plants (Aprill and Sims, 1990) . Therefore, differences in the characteristics of the dominant species may explain why plant biomass and soil properties differed markedly between sunny and shady slopes in our study.
Effect of slope aspect on soil properties
Total plant biomass was higher on sunny slope, which may have led to higher SOC and consequently, adequate substrates for microbes. However, Huang et al. (2015) obtained the opposite result in the Loess Plateau region, with higher SOC detected at sites with a shady aspect. The best explanation is that moisture is the fundamental environmental factor in a relatively dry region, so higher moisture at sites with a shady aspect may lead to better nutrient cycling and higher activity of the microbial community. However, in cold and wet areas such as alpine meadows, temperature or the amount of radiation will be more important environmental factors, and so the higher temperatures at sites with a sunny aspect will lead to higher microbial activity and better soil nutritional status.
Soil microbes can be very sensitive to temperature. In cold systems like plateaus, sites with a sunny aspect receive more solar radiation and have temperatures that are more suitable for microbial growth. Also, soil moisture controls the survival and activity of microorganisms (Drenovsky et al., 2004; Borken and Matzner, 2009 ). At our study site, precipitation was very high when soil was collected, and the soil moisture content on the shady slope was 43.7%, which was more than enough to meet the needs of microorganisms and plants. Therefore, the microbial population on shady slope is not likely to be limited by water deficit. The relatively lower bacterial PLFA and higher fungal PLFA on shady slope than on sunny slope suggested that water potential affects microbial groups differently. In general, fungi are more tolerant than bacteria to high soil moisture content. Fungi can build airgaps in wet soil using their hyphal system, while high soil moisture content can reduce the movement of bacteria. Consequently, fungi are more likely survive at sites with a shady aspect Wilkinson et al., 2002) .
Effect of slope aspect on microbial community
While C mic and N mic make up only a small proportion of SOC and TN, they are the most active parts in the turnover and reproduction of the microbial community (Moore et al., 2000) . In our study, C mic and N mic contributed 0.5% and 2.5% to SOC and TN, respectively. Cmic was higher on sunny slope than on shady slope, indicating that microbial biomass was larger on the sunny slope. PLFA biomarkers results also indicated that microbial biomass was greater on sunny slope than shady slope. The proportion of fungal PLFAs was higher on shady slope, suggesting that relatively low temperature and higher plant biomass are better for fungal growth and development, while a habitat with higher temperatures may be more suitable for bacteria.
Slope aspect affects microbial community by altering environmental factors, soil properties, and the plant community. Root exudate is the driver of microbial biomass and activity. Further, quality and identity of rhizodeposits differs from plant to plant (Barea, 2015) . Thus, in this study, effect of different plant community on microbial community is also an important component of slope influence. Some researchers have argued that soil physical or chemical properties are more important than the plant community in shaping the structure of the soil microbial community. Bezemer et al. (2006) found that the effects of soil chemical properties were even greater when grasses and forbs were grown in sandy soil, while Bardgett et al. (1999) may be an important factor controlling the biomass of active microbial groups, it did not outweigh the effects of soil temperature in alpine meadow ecosystem.
Conclusions
Due to the differences in environment factors (temperature and moisture), as well as plant species on sunny and shady aspect, sunny slope had higher soil organic carbon (SOC) and underground biomass (UB) while shady slope had higher total nitrogen (TN) and aboveground biomass (AB).
Further, microbial composition also affected by various carbon (C) and nitrogen (N) utilization, cycling model and microclimate, in which bacterial phospholipid fatty acids (PLFAs) were higher in sunny slope, while fugal PLFAs were higher on shady slope. It is suggested that plant community, soil properties and environmental factors all made contribution to the microbial diversity between sunny and shady slope, among which temperature was the main factor that can explain most of the variations in alpine meadow system.
